Differences in Carbon Sequestration in Native vs. Exotic Pine Species (Tenerife, Canary Islands) by ARá‰VALO, José Ramón et al.
299
Bulletin UASMV serie Agriculture 70(2)/2013, 299-303
Print ISSN 1843-5246; Electronic ISSN 1843-5386
Differences in Carbon Sequestration in Native vs. Exotic Pine Species
(Tenerife, Canary Islands)
José Ramón ARÉVALO*1), Gloria GARCÍA-FARIÑA1), Yeray MONTES DE OCA2),
Silvia FERNÁNDEZ-LUGO1)
1)Departamento de Ecología, Facultad de Biología, Universidad de La Laguna, La Laguna, 38206
Tenerife, Spain; jarevalo@ull.es
2)Genea Consultores, C/Seguidillas 9, 2B.. 38107 Santa Cruz de Tenerife, Spain
Abstract. Global warming can be mitigated by carbon sequestration through forestry and agroforestry.
For countries with low industrial development, carbon sequestration also represents an opportunity to
fund sustainable development. In the Canary Islands, CO2 emissions are above the average for Spain,in fact, they are estimated to be three times higher. Authorities have been working in recent years to
reduce these emissions and increase carbon sequestration. Afforestation on the island of Tenerife has
been carried out mainly using an endemic pine species (Pinus canariensis), the dominant species of
native pine forest stands. However, the exotic Pinus radiata has also been introduced in some areas.
The success of exotic invasive species is often attributed to their capacity for fast growth, particularly
when resources are not limited and can continue to increase. In this situation, exotic species are more
competitive compared to native ones. We evaluated the capacity to absorb CO2 of P. radiata vs. P.canariensis under similar environmental conditions and planted during the same period. Through
allometric equations for above ground biomass, we estimated the amount of biomass and carbon
content in individuals and extrapolated these results to the rest of the mass (in the the Corona Forestal
Natural Park in Tenerife). Our preliminary results revealed that P. radiata and P. canariensis
sequester different amounts of carbon under similar environmental conditions. The carbon capture
strategy of a species is strongly associated with disturbance, with species from disturbed sites having
traits that confer capacity for fast growth. We suggest that P. radiata has a higher carbon sequestration
capability per individual than the native species P. canariensis. However, the much larger extensions
and density of P. canariensis make this species the main carbon sink on the island.
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INTRODUCTION
International concerns about global climate change have led to agreements to reduce
emissions of carbon dioxide (CO2 ) and, under certain circumstances, to start programs to
consider the carbon absorbed in soils and vegetation as part of emission reduction (Gorte,
2007). In the context of this forest function, it is important to estimate the quantity of biomass
present in forests to understand the way in which biomass accumulates. This provides
important information to be able to increase carbon sequestration through appropriate forest
management practices (Ruíz-Peinado et al., 2011). Therefore, programs are being carried-out
around the world to provide accurate estimations of carbon sequestration and increase the
value of forests and their ecosystem services.
In this study, the plantations analyzed were designed to restore the Canarian pine
(Pinus canariensis) forest that was heavily disturbed and cleared over the last five centuries
following European colonization of the Canary Islands (Parsons, 1981). In the last 60 years,
large areas of the island of Tenerife have been reforested, but with a lack of subsequent
management or monitoring. In recent years, authorities have re-considered the usefulness of
these plantations, moving away from the idea of using them solely as exploitable natural
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resources and toward a management practice that will encourage reversion to natural pine
forest (Arévalo et al., 2001). Some areas on the island were also planted with the exotic
species Pinus radiata (approximately 2,200 ha). Most of these plantations were done in areas
of Canarian pine forest, but some of them were also carried out in the laurel forest (Arévalo
and Fernández-Palacios, 2005).
The main objective of this study is to evaluate the sequestration by individuals planted
around 50 years ago and extrapolate this amount to the rest of the stand. The hypothesis to test
is whether the introduced species P. radiata grows faster than P. canariensis and sequesters
more CO2 under similar environmental conditions.
These results will also be useful in the design of restoration programs for disturbed
pine forests and to evaluate the important ecosystem services provided by these forests and
reforestation programs, not just in relation to water and soil conservation, but also regarding
CO2 emission control.
MATERIALS AND METHODS
The study was conducted on the north east slope of the Corona Forestal Natural Park,
in Tenerife (28o 19' N, 16o 34' W), Canary Islands. The park is c.a. 46,000 ha, and around
25% of the park has been reforested with P. canariensis (10,842 ha, except for 2% in which
P. radiata was planted, 1,754 ha). The bulk of the afforestation was done between 1930 and
1940 (del Arco et al., 1992). The sites selected for this study were planted between 1948
and1952.
The dominant understory shrub species differ between stands. A high number of
annual and ruderal species are present, especially in the plots close to trails or those affected
by other disturbances (Ceballos and Ortuño, 1974; Anon., 1973).
The annual precipitation of the park reaches 900 mm but can be twice this amount if
fog drip is considered (Kämmer, 1974). The mean annual temperature is around 15 oC with
minimal annual and daily fluctuations. Frost events may occur a few days a year at high
altitude. Soils at the study site have been classified in the order Entisols, suborder Orthents
(Fernández-Caldas et al., 1985). More information on the study area can be found in del Arco
et al. (1992).
We randomly selected nine plots in the P. radiata stands and nine in the P. canariensis
ones (a calculator was used to generate random numbers that were converted into
coordinates). The only restrictions to the random selection were that we should get pairs of
stands (P.radiata-P. canariensis) in the same area. The area of P. canariensis was planted
approximately 55 years ago, while the area of P. radiata 53 years ago.
Each plot was a 50 x 10 m rectangle. Sampling was conducted between October and
November 2012. We defined trees as stems of at least 2.5 cm DBH (diameter at breast
height). The species was noted and we measured DBH and height of all the trees (with a
Blume-Leiss).
In each plot, we noted orientation, altitude, slope and measured the canopy cover using
a convex spherical densiometer (Lemmon, 1957). An estimation of rock, soil and litter cover
was made for each plot using a scale of 1 to 10 (Table 1).
We proceeded to convert the measures of the diameter and height of the trees to
volume, using the following allometric equations (both of them tested and developed in the
same sampling area, Genea, 2006).
Pinus radiata
Vdc = -0.0161154 + 0.0000350189 + d1.98206 + h1.00183
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Pinus canariensis
Vcc = -6.83332 + 0.0365589 * d1.89492 * h1.112248
Where:
Vdc = volume in cubic decimeters
Vcc = volume in cubic decimeters
d = diameter at breast high
h = height to the canopy
Tab. 1
General abiotic information of the plots. (*) Sexageximal degrees
%cover
Plot Aspect (o) Slope (o)* Altitude (m) Canopy Rock Litter Soil
PC_1_1 115 22 1150 76 35 90 2
PC_1_2 120 22 1150 80 35 90 2
PC_1_3 115 34 1125 57 45 99 0
PC_2_1 275 7 1050 73 10 99 0
PC_2_2 280 0 1050 74 3 99 0
PC_2_3 285 3 1050 76 10 99 0
PC_3_1 200 10 930 70 2 99 0
PC_3_2 210 8 930 67 5 99 0
PC_3_3 205 10 930 67 5 99 0
PR_1_1 320 5 1125 70 10 98 0
PR_1_2 280 11 1140 71 3 99 0
PR_1_3 280 22 1130 79 1 99 0
PR_2_1 270 3 1080 66 7 99 0
PR_2_2 260 4 1080 66 80 99 0
PR_2_3 270 12 1080 67 45 99 0
PR_3_1 260 5 880 62 2 99 0
PR_3_2 255 2 880 63 5 99 0
PR_3_3 250 2 880 66 2 99 0
Once we had obtained the volume of the trees, we transformed these values into
carbon weight base in density values for Pinus canariensis (735 kg/m3 and 50% of C;
Montero et al., 2006) and Pinus radiata (490 kg/m3 and 49.7% of C, Serrada et al., 2008).
With this information we proceeded to estimate the amount of carbon fixed per
individual over a period of 50 to 60 years. We, then, extrapolated these results to the hectare
and finally, we extrapolated them to the rest of the stand.
RESULTS AND DISCUSSIONS
With the results obtained in this study, we estimated that for P. canariensis there was a
density of 1656 ind/ha, while the density for P. radiata was 805 ind/ha. Applying the
allometric equations and converting these values of volume to weight, we obtained that, on
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average, P. canariensis fixed 233 kg/ind of C while 391 kg/ind of C was fixed by P. radiata.
As expected, P. radiata has grown faster than P. canariensis, sequestering more carbon than
the native species per individual. P. radiata has been very competitive when planted in
Tenerife, but is not considered an invasive species (Arévalo and Fernández-Palacios, 2005).
However, it should be noted that the density of P. canariensis is almost twice that of P.
radiata.
After obtaining the density per hectare of these plantations, we calculated that P.
canariensis fixed 385 tons/ha of C and P. radiata 315. These values are lower than those
found in other areas of pine plantations, where values can reach 900 tons/ha (Robertson et al.,
2004; Mclaren, 1996). This is probably due to the higher density of some plantations which
leads to higher overall carbon sequestration. Then continuing with the extrapolations to the
total extension of the forest plantations over the period of the last 50 to 60 years, for both
species to the total of the stand, we obtained that P. canariensis has fixed 4.17 million of tons
C in 50 years and P. radiata only 0.55 million.
With these values, and using the information from the study by Meng et al. (2012),
who suggests that each ton of C fixed should be priced at 19 euros, the island of Tenerife has
fixed carbon of a value of around 90 million euros (79.23m for P. canariensis and 10.45m for
P. radiata) in the last 50 to 60 years. This amount is around 3% of the debt of the
Government of Canary Islands (for the whole archipelago). Thus, if we included the carbon
sequestered by some other forested islands of the archipelago, we will very likely have a
better overall understanding of the important economic role of these forests.
CONCLUSION
Although these results have been inferred from a limited number of selected plots, and
not all the areas have exactly the same environmental conditions, they offer a good indication
of the important ecosystem services of these plantations. We have only carried out an
evaluation for P. canariensis and P. radiata, however, many other species have been
reforested on the island (Juniperus turbinata, Cedrus canariensis, Retama sp.). An evaluation
of carbon sequestration capacity by these species is required in order to understand entirely
the role the Canary Islands play in the increase in atmospheric CO2 or maybe its role as a
carbon sink.
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